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Graft versus Host Disease (GvHD)

A Allogeneic stem cell transplant of hematopoietic stem cellsatment of
choice for patients with several higisk malignancies and other life
threatening nommalignant disorders

A Acute graft versus host diseaseg3vHD is a leading cause of mortality and
morbidity

A Steroids remain the firdine treatment

A Approximately 50% of patents do not respond; several second and third line
treatments needed

A Cryopreserved unmatched allogeneic mesenchymal stromal cells (MSCs) are
used in several European countries



MSC properties
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Figure 2. Dual functions of MSCs in tissue regeneration and repair. MSCs play a central role during regeneration and repair of musculoskel-
etal tissues (i.e., bone, cartilage, ligament, tendon, muscle and synovium). In addition, MSCs provide a microenvironment for hematopoietic
stem cells, including cells of the myeloid and lymphoid lineages. Effects of MSCs on their microenvironment are mediated by secretion of
trophic factors that have both autocrine and paracrine functions. Abbreviation: MSCs, mesenchymal stem cells.

ACeIIuIar Plasticity may benefit tissue repair

Almmunomodulatory propertieg relevant to
GvHD

Samsonragt al.,Stem Cells Translational Medicine 2017
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Figure 3. Interactions of MSC with immune cells. MSCs secrete
soluble molecules, such as nitric oxide, PGE,, IDO, IL-10 and TGFB1.
The secretion of these factors suppresses the proliferation and/or
activity of a variety of immune cells, including T cells, B cells, Natural
Killer cells, and dendritic cells, as well as activated T,.. Abbrevia-
tions: IDO, indoleamine 2, 3-dioxygenase; IL-10, interleukin-10;
MSCs, mesenchymal stem cells; PGE,, prostaglandin; TGF31, trans-
forming growth factor-beta 1; T, regulatory T cells.



Possible mechanisms of action of MSCs to—
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. Possible mechanisms of action of MSCs to= ¢
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- Sources of Variability In
- Product Effectiveness

Note that data presented are collected from several studies and therefore do
not reflect a single product or manufacturing process




Impact of Donor
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Figure 1. The immunosuppressive potential of human mesenchymal
stromal cells (MSC) varies between donors. (a) T cell proliferation
assays were performed using carboxyfluorescein diacetate
succinimidyl ester (CFSE)-labeled human peripheral blood
mononuclear cell (PBMC) activated with 0.2 ug/ml anti-CD3 and
CD28 antibodies and cocultured with or without MSC for 4 days at
MSC:PBMC ratios of 1:3, 1:9, and 1:27. T cell proliferation was
performed on seven MSC donors (donor 303. 304, 305, 306, 307,
308, and 311) and MSC were preactivated for 18 hours with 10
ng/ml of interferon (IFN)-y and 3 ng/ml of tumor necrosis factor-a
(TNF-a) before their addition to the coculture.
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ADonors 303 and 308 have different
properties: T cell proliferation

ANeed to understand impact of
donor on cell product success

Francois etl., Molecular Therapy 2012



Impact of Manufacturing Process
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— Mycoplasma

Colony forming unitdibroblasts=CFW

— Endotoxin

Adapted from Robb et alGytotherapy2019

Endotoxin

—1 Stability

Karyotyping

Potency

AAS manufacturing processes,
reagents, supplies and donor
are changed, how do we know
that the product is sufficiently
similar?
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Impact of Passage Number

sSurvival in relation to MSC passages

15
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Figure 4. O5 in GVYHD patients treated with M5Cs from both early different culture conditions

passage (1-2) and late passage (3-4) (P <.01).

Von Bahr etl., Biol.Blood MarrowTransplant 2012 10



Impact of Manufacturing Process

Examples
MSC production

Impeller
column

=

Microcarriers

Planar multilayered
stack system

b Flow of
f i medium
mmmmmm  Perfusion
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Perfusion bioreactor
(including hollow fiber)

Stirred suspension
bioreactor

Surface area/volume
ranges

75 cm? (single flask) —
400,000 cm? (with 50-70
multilayer stack vessels)

Up to ~2.1 m?

3 mL —2000 L

Cell yield ranges

Up to ~100 billion cells (using
stacked vessels)

Up to ~400-600 million
MSCs/run in commercial
manufacturing

Up to ~500 billion cells

Advantages

Low cost

Can provide continuous
surface area for cell
growth

In-line monitoring of
metabolites, nutrients, etc.

Low cost

Readily scalable

Can provide continuous
surface area for cell
growth

In-line monitoring of
metabolites, nutrients, etc.

Disadvantages

- Labour-intensive (unless
automated)

- May not have in-line
monitoring of metabolites,
nutrients, etc.

- Large footprint

Relatively high cost
Potential for concentration
gradients

Can cause shear stress to
cells at high perfusion
rates

Scalability uncertain

Technical challenges in
working with microcarriers
Can cause shear stress to
cells at high impeller
speeds

Robb et al.Cytotherapy2019
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ANumerous different
culture modes for cell
production

ANeed to understand
Impact of culture
methods and
components on cell
therapy success

11



Variation in MSC Manufacturing Processes in Us¢”  NSCI

A Data from 17 European centers were analyzed bypadse questionnaire on product manufacturing.
A Info: MSC tissue sources, MSC donor matching, medium additives, MSC product specification for clinical

Source 1 <20%
B Whole BM M <10% % centers using different
B8 BM Ficoll 1 <5%

] CB or cord tissue 0 <2% acceptance criteria for CD45

 <1%

Growth factor

Bl hPL (blood bank)
B3 hPL (commercially available)
] FBS

m >95% % centers using different

J >90% 0.
m >80y acceptance criteria for CD73,

B3 >70% D90, and CD105

Type c

W Allogeneic only
[ Both allogeneic and autologous
1 Autologous only

% centers using different
acceptance criteria for other
markers

Frozen/not

Bl only frozen
[ fresh/frozen

9

P ® ¢ §
% of centers

AConsiderabIe variation in
MSC culture methods

AAnd variation in
acceptance criteria for
markers

AVaIue In analyzing the
data andretainedlots to
relate patient response ¢
cell product

Human platelet lysatehfl); Bone marrow (BM); umbilical cord blood (CB); fetal bovine serum (FB§3haraCteriStiCS

Trento et al., Biol. Blood Marrow Transplant. 2018.
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Impact of Recipient

Complete Responders
Partial responders and nen AResponse to the same product

responders IS variable between patients
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# ? ; : : : treatment?(e.g. genomics,
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Figure 2: Survival from time of haemopoietic-stem-cell transplantation in patients given mesenchymal stem cells Stag ed I S e aS e)

Survival at the end of follow-up was 52% (95% Cl 34-70%) for the 30 complete responders and 16% (0-32%) for the 25 partial responders or non-responders.

0 T T T T T T

Le Banc edl., The Lancet. 2008



Impact of Recipient: MSC apoptosis induced by Gv™ NSCI
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Fig. 1. MSCs undergo in vivo apoptosis after infusion without affecting immunosuppression. (A) Luc-MSCs were

Galleuet al., Sci. Transl. Med2017
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MSC apoptosisimportant for immunosuppression NSCI

AMSCS die in GvHD mouse model
AMSCS do not die in Perhice
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Aln this model, MSC death is
critical for GvHD related action

Galleuet al., Sci. Transl. Medk017



